SUMMARY PAGE THE PROBLEM
During some diving experimental procedures, it is necessary to purge a chamber of a large volume of gas (usually air) and replace that gas with a helium/oxygen mixture. Not only is it desirable to accomplish this exchange as rapidly as possible, but it is also prudent, to conserve the expensive purging gas.
THE FINDINGS
This report describes how one hour and 9,000 cubic feet (255 cubic meters) of helium were saved when a large hyperbaric chamber was purged of air. This was accomplished by limiting the degree of mixing of helium with chamber air and thus taking advantage of the ability of a lighter gas (helium) to layer upon a heavier gas (air).
APPLICATION
The findings and suggestions contained herein will allow hyperbaric chamber operators to conserve time and gas when a chamber must be purged with a gas whose density differs significantly from the chamber gas. Experiments designed to study the effects of isobaric gas exchange on animals and man may apply these findings advantageously. of gas to rid the chamber of nitrogen. On the other hand, if the incoming gas mixed completely and instantaneously with the chamber gas, it would have taken 3 3 117 minutes and 17,316 ft (511 m ) of gas to bring the chamber nitrogen concentration below 1%. Thus, by avoiding unnecessary turbulence and thereby taking advantage of the layering phenomenon, the best estimate in saving of time 3 3 and gas is approximately one hour and 9,000 ft (255 m ) of helium.
ADMINISTRATIVE INFORMATION
In experiments where the environmental gas must be changed from a dense gas to a lighter gas and time and/or gas saving is important, the layering phenomenon may be used advantageously by limiting the degree of mixing.
iii INTRODUCTION During a recent saturation dive to a pressure of 4 atmospheres absolute (ATA) at the Naval Submarine Medical Research Laboratory, it was necessary to replace a nitrogen/oxygen mixture in a 954 ft (27 m 3 ) chamber with a helium/ oxygen mixture. The objective of the dive was to determine if an isobaric gas exchange at 4 ATA would in any way be harmful to the participating divers.
The divers were dressed in plastic, hooded suits just before the start of the exchange procedure. In this way, nitrogen/oxygen (92%/7%) could be flushed through the suit while the chamber was purged with 100% helium, and on completion of the helium purge and O2 correction, the divers could make the required step change from the N2/O2 of the suit to the He/0 2 environment of the chamber. To minimize the time spent in these suits and to reduce the amount of expensive purge gas, helium was admitted into the very top of the chamber with minimum turbulence and chamber gas exited through the bottom drain of the chamber.
The subject of this report is to describe the efficiency of a gas "layering"
technique when used to replace a heavier gas mixture with a lighter one in a large hyperbaric chamber.
METHODS
Pure helium from a bank of high pressure cylinders entered the chamber via a pipe 1.5 inches (3. 8 cm) in diameter, located at the top, middle of the chamber.
Environmental temperature was 70°F. (21°C.). During the first few minutes of helium purge the pipe was pointed so that entering gas would circulate around the circumference of the chamber; but at about the 15th minute of the purge, the pipe was pointed down the long axis of the chamber in an effort to enhance the layering effect. Purge rate of the chamber was 148 ft 3 /min (4.19 m 3 /min) (all gas volume units are corrected to standard pressure, unless stated otherwise).
Gas exited through a 2 inch (5 cm) penetration reduced to 1 inch (2. 5 cm) pipe at the bottom, middle of the chamber. To avoid mixing and turbulence, the life support system was turned off, subject movement was kept to a minimum, and exhalation gases were removed from the chamber by an overboard-dump mask system.
Nitrogen, helium, and oxygen percentages were measured at one minute intervals with a medical mass spectrometer (MEDSPEC SR -8 Scientific
Research Instruments) located outside the chamber. The sampling cannula from the mass spectrometer penetrated the chamber wall via a swagelok tube fitting.
The end of the cannula was then attached to a 6 ft (1. 8 m) long stick so that one of the subjects could reach, without excessive movement, to all parts of die chamber for spot sampling. During the purge, measurements were taken in die middle of the long axis of the chamber at 1 ft (. 30 m) intervals from the top to the bottom deck plates.
RESULTS
The percentage of helium at various levels of the chamber is plotted against purge time in Figure 1 In less than one hour (55 minutes) the nitrogen/oxygen mixture was purged from the chamber using 8,143 ft 3 (230 m 3 ) of helium (55 minutes x 148 ft 3 (4.9 m 3 )/ minute). At this time, the chamber contained 98% helium, me remainder being N2 and O2. Oxygen was then bled into the chamber to make the gas respirable. Figure 1. Concentration of helium at various points in the chamber as a function of purge time. The solid lines represent helium measurements taken at a given location in the chamber. A layering effect is recognized by 1) the helium concentration remaining at zero well into the purge time for the middle to lower parts of the chamber and 2) once the helium concentration changes, it rises rapidly towards 100%. If the layering was perfect, the series of dotted lines would have been obtained, the helium concentration rising from zero to 100% in an infinitely short time as the "perfect layer" passed the point of measurement. Total purge time for the perfect situation would have been 26 minutes. To optimize time and gas usage, one should (1) determine the greatest flow at which there is preservation of a distinct layer, (2) minimize turbulence by allowing gas to enter in a long multiperforated pipe rather than a discrete orifice and (3) completely restrict the movement of subjects.
*The approximate location of the layer at any time may be followed by heliumfilled balloons which will "ride" on top of the nitrogen layer, a technique which operators of British chambers have used in the past (personal communication).
In chambers where the environmental gas must be changed from a dense to a lighter gas and time and/or gas conservation is important, the layering phenomenon may be used advantageously by limiting the degree of mixing.
APPENDIX A WORST CASE CALCULATION (complete mixing)
The N" concentration at any time may be calculated using the formula below, which is based on transport kinetics: The following is assumed: 1) N_ in instantaneously distributed throughout the chamber,
2) The volume of gas in the chamber remains constant,
3) The flow through the chamber remains constant, 4) Pressure and temperature remain constant.
Thus, if the desired endpoint were 1% N remaining in the chamber after purge, and the purge gas mixed completely with the chamber gas, the time needed to complete the purge can be determined by using the following data and solving the formula for t; shows that as long as a distinct layer exists, the volume of gas required to purge remains constant. At the onset of turbulence, the volume needed starts to increase. B-l chamber; purge; helium; isobaric exchange
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A 954 cubic foot hyperbaric chamber (27 m ) at a pressure of 4 atmospheres absolute was purged of a nitrogen/oxygen gas mixture (92. 5%/7.5%) by flushing with 100% helium. The helium entered the top of the chamber, and the N"/0 9 exited at the bottom so that the lighter gas layered above the heavier gas. Turbulence was kept to a minimum by turning off the life support system, limiting movement of inside divers, and by utilizing overboard dump masks for the breathing gas. Use of the layering technique allowed the chamber to be completely purged of N9/O2 in 55 minutes, using 
